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Abstract 
Most of the currently available technologies require the use of materials with unusual combinations of properties that 
cannot be met by metallic alloys, ceramic or conventional polymeric materials. Polymer composites are designed to 
meet the requirements and challenges of industry, where there is an increasingly growing demand for special 
materials, involving the best cost-benefit relationship. The main objective of this work is to characterize a 
poly(tetrafluoroethylene) (PTFE) matrix reinforced with silica particles. The approached used consisted in 
investigating the macroscopic mechanical behavior and correlating the experimental results with a suitable 
viscoelastic analytical model. Moreover, to assess the influence of the particles on the viscosity, stiffness and strength 
of the composite, the behavior of the PTFE-silica composite is compared with the behavior of the bare PTFE matrix. 
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1. Introduction 
The need to improve the performance of structures and equipments during their lifetime requires a 
better knowledge of materials and of their behavior, providing opportunities for the development of new 
technologies. One of the best manifestations of this process is associated to the development of composite 
materials, particularly polymer-matrix composites reinforced with fibers or particles. The increasingly use  
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of polymers demands a more deep knowledge, not only of their elastic properties but also of their 
characteristics regarding energy dissipation, besides the influence of time and temperature on these 
properties.  The typical response of polymers consists of an initial instantaneous elastic deformation, 
followed by a time-dependent deformation resulting from the combination os elastic and viscous effects[1]. 
The objective of this work is to study the mechanical behavior of a polytetrafluoroethylene (PTFE) 
polymer, with and without inclusions of silica particles. The composite and the neat polymer were tensile 
tested at different strain rates. Creep and cyclic tests with successive loadings were also made. Based on 
experimental data, a viscoelastic model able to describe the observed mechanical behavior of both the neat 
polymer and its silica particle reinforced composite was proposed. 
2. Experimental Procedures 
The neat PTFE polymer and a PTFE-matrix composite reinforced with homogeneously distributed 
silica particles (volume fraction: 42%) were tested.  
PTFE has several advantages, including exceptional resistance to high temperatures, chemical stability 
and low-friction properties [2]. Silica particles are usually incorporated into PTFE to increase stiffness, 
both at high and room temperatures. The particular composite analyzed here is used for gaskets by the oil 
and gas industry[2] and is manufactured as laminated plates, from where the gaskets are machined. 
To evaluate the mechanical behavior of the composite and of the neat PTFE matrix, tensile, creep and 
load and unload tensile tests, with successive loadings, were performed. The mechanical tests were 
performed at room temperature with a universal testing machine Instron Model 5567, with a capacity of 
10kN. The tensile test methodology followed the ASTM D638-03 standard.  
With the tensile tests it was possible to verify the basic features of the materials mechanical behavior, 
like isotropy and/or anisotropy, and to verify differences in the behaviour between PTFE and PTFE + 
silica. Also, it was possible to determine the stress and strain levels suitable to the other two tests (creep 
and cyclic load-unload). The tensile tests were performed on both materials (PTFE and PTFE + silica) 
using 3 test speeds (5, 50 and 150 mm/min), using samples machined from two orthogonal directions of 
lamination, hereafter referred to as vertical (V) and horizontal (H). 
Load and unload tensile tests were performed with successive stresses of 1, 1.5, 2 and 3 MPa whereas 
the creep test was made with successive stress level of 1, 2 and 3 MPa and lasted 300 seconds. The creep 
test methodology followed the recommendations of ASTM D2990-01 standard.   
3. Experimental Results 
3.1. Tensile test 
The tensile mechanical behavior is shown in Figs. 1 and 2. It can be seen that the response of the 
composites and PTFE varied with the test velocity, clearly showing the influence of the viscous 
component. And, as expected from the theory of viscoelasticity[1,3,4], the stress values for a given strain 
increase with the increase of the test speed. Also, one can see that the elastic limit is not well defined in 
these materials, as it is often observed in metallic materials. Observing Fig.s 1 and 2 it is also evident that 
both materials are anisotropic.  
3.2. Cyclic load- unload test  
The load and unload tensile tests behavior of the composite and of the neat PTFE is shown in Figs. 5. 
It can be seen that energy dissipation increases with the increase of the stress, and therefore of strain, 
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suggesting that the elastic behavior is exceeded by stress levels over 1 MPa for both materials tested and 
showing the influence of the viscous component to the mechanical behavior. One can also observe that 
the composite (PTFE+silica) has a higher dissipation compared to the neat PTFE, what agrees with the 
fact that interfaces can be a source of energy dissipation.  
Fig. 1. Tensile stress-strain curves as a function of the test velocity (mm/min). V and H directions. PTFE-silica composite. 
Fig. 2. Tensile stress-strain curves as a function of the test velocity (mm/min). V and H directions. PTFE polymer.  
Fig.5. Load and unload test with successive increase stress 1.0, 1.5, 2.0 and 3.0 MPa comparing the PTFE and composite 
(PTFE+silica)  mechanical behaviour  in both direction  (a) PTFE - direction H; (b) PTFE - direction V; (c) PTFE+silica - direction 
H and  (d) PTFE+silica - direction V. 
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3.3. Successive creep Test 
The results obtained in this test, necessary to predict the creep modulus and the long term strength are 
shown in Figure 6. The results show above 3 MPa the composite presents a higher strain than the neat 
PTFE polymer. However, under 1 and 2 MPa stress levels, the composite strains were lower than that of 
the neat polymer. This behavior is in accordance with the tensile tests, since the stiffness of the composite 
was lower at higher stress levels (Figure1).  
Fig.6. Creep tests with successive stress increases of 1, 2 and 3 MPa. The results compare the composite and PTFE mechanical 
behavior in both (a) H and (b) V directions. 
      The creep modulus J(t),  as presented  by Christensen[3] and  Wineman and K.R. Rajagopal[1], is 
defined as the relationship between applied stress and the resulting strain, that is, J (t) = İ (t)/ ı0, where  
İ(t)  is de creep deformation when the specimen is submitted to the constant stress  ı0.  
3.4. Models Evaluation 
     From the basic theory of viscoelasticity [1], it is known that both Maxwell(M) and Kelvin-Voigt (KV) 
models are not able to represent a complete viscoelastic response of a real polymer.  In fact, the Maxwell 
model is not adjusted to consistently describe the creep phenomenon, and the KV model does not describe 
stress relaxation [1]. A more realistic model is then obtained summing up the elements of the two models 
into the so-called three element models, where the spring and dashpot elements of Maxwell and KV 
models are combined with a spring. These models can more accurately simulate the behavior of a 
viscoelastic material when submitted to a tensile stress, with the springs be having elastically and the 
dashpot simulating the viscous behavior. It is presented the values obtained from an inverse methodology, 
consisting of a numerical-experimental technique in which the experimental results are fitting to 




E and EM are the elastic 
moduli, ε1 and ε2  are the 
strains and η is the 
viscosity coefficient 
Figure 7: Three-parameters model: Kelvin Voight combined with free spring (KVS) [1] 
S. A. Martins et al. / Procedia Engineering 10 (2011) 2651–2656 2655
3.5. Parameter identification 
 It can be shown that the viscous behavior of polymers can always be represented by the following 
function [1, 3]:  
                                                          
J(t) = J +(J0 - J).e-t/τc  (1) 
 where J (t) is the creep modulus as previously defined, J0 is the creep modulus  at the initial time 
(t=0), J is the creep modulus at the limit of the time tending to infinity, J also can be called Balance 
Creep modulus and Ĳc  is the delay time. The  J0, J, Ĳc are correlated to the elastic modulus, E and EM , 
and to the viscosity coefficient Ș , as shown in Table 1.  
Table 1. Correlation Parameters of Viscoelastic Model (Kelvin + spring) [1, 8], figure 7. 










Fitting the creep experimental curves (Figure 6) obtained by adjusting the experimental points to a 
theoretical curve (figure 8), allows to obtain the results of the parameters defined in equation (1) [3,4,5]. 
Table 2 shows the parameters from equation (1), for both materials and directions of test. 
Table 2. Identified Parameters for creep module [4]
H V 
Material 
J0 (%/MPa) J (%/MPa) τ  (s) J0 (%/MPa) J (%/MPa) τC   (s)
PTFE 1.25x10-3 1.63 x10-3 63.49 3.82 x10-4 8.03x10-4 90.66 
PTFE+SILICA 3.22x10-4 1.081x10-3 107.27 1.351x10-4 5.413x10-4 100.30 
Figure 8: PTFE direction H, Creep Modulus for Kelvin Voight combined with free spring (KVS). 
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       It is worth observing that the mentioned three-element model coherently simulates the experimental 
creep behaviour for the analyzed material. 
Similar curves were obtained adjusting PTFE direction in V and Composite PTFE with silica 
inclusions in both direction, but these graphs are not shown here for the sake of shortness. 
4. Conclusion 
Analyzing the experimental results, it can be verified that three-element model properly approaches the 
viscoelastic behavior of these materials. It allows estimating the value of the main parameters that 
characterize the substances, that is, the J0, J and  Ĳc.  
The inclusion of silica particles in the material caused an increase in elastic modulus and stiffness in 
both directions H and V until 6MPa, from this stress level the behavior was the opposite. It can observe 
that the same happened with the viscosity, the load and unload graphs showed a higher increase in the 
composite (PTFE+Silica) energy dissipation with the increasing stress applied. 
One can also see that the mathematical methodology proposed presents consistent with the 
experimental results, since there was a decrease in J0, J and an increase in Ĳc with the silica particles 
inclusions, as shown in table2. 
Considering these results, it can be concluded that the considered procedure is suitable for the studied 
materials characterization and to forecast its viscoelastic behavior. 
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